Oxide removal from Ge(100) surfaces treated by HCl and HF solutions with different concentrations are systematically studied by synchrotron radiation photoelectron spectroscopy (SR-PES). SR-PES results show that clean surfaces without any oxide can be obtained after wet chemical cleaning followed by vacuum annealing with a residual carbon contamination of less than 0.02 monolayer. HF etching leads to a hydrogen terminated Ge surface whose hydrogen coverage is a function of the HF concentration. In contrast, HCl etching yields a chlorine terminated surface. Possible etching mechanisms are discussed. Surface roughness after HF and HCl treatments is also investigated by AFM, which shows that HF treatment leaves a rougher surface than HCl. a) sysun@stanford.edu corresponding author
Germanium (Ge) is increasingly being studied for MOSFET applications to take advantage of its high intrinsic electron and hole mobility. To fabricate high performance devices on Ge, it is essential to understand Ge surface chemistry and find an effective way to clean and passivate its surface. Although Si surface cleaning and passivation have been extensively studied, [1] [2] [3] only recently has some research been done on Ge surfaces. [4] [5] [6] [7] Conventional XPS results show that HF etching removes Ge oxide and carbon contamination significantly, 4 and HCl etching leads to a chlorine terminated Ge (111) surface, which only forms Ge monochloride. 7 However, it is difficult to probe the details of the chemical nature of treated surfaces and quantify the surface termination and cleanness with conventional XPS, because of its limited surface sensitivity and resolution. In addition, little attention has been paid to the HF concentration, which turns out to be an important factor in the surface hydrogen passivation.
In this work, we study the Ge(100) surfaces treated by aqueous HCl and HF solutions with three different concentrations by synchrotron radiation photoelectron spectroscopy (SR-PES) at Stanford Synchrotron Radiation Laboratory (SSRL). Using SR-PES, we can tune the photon energy to achieve very high surface sensitivity and good resolution, so the chemical states of treated surfaces can be resolved unambiguously, and the surface termination and cleanness can be quantified. We find that HF treatment results in a hydrogen terminated surface, and the hydrogen coverage depends on the HF blown dry with Ar gas, and then immediately put into the load lock. After the load lock was pumped down by a turbo pump, the samples were transferred into the photoemission chamber with a base pressure of 1x10 -10 torr. The photoemission experiments were conducted using Beam Lines 8-1 and 10-1 at SSRL. 80eV photon energy was selected for the Ge3d to achieve a mean free path of approximately 4Å, while the Cl2p, C1s, O1s and F1s were monitored at 300eV, 400eV, 620eV and 800eV, respectively. To understand the HF etching mechanism on Ge surfaces, we can begin by referring to the extensive work on Si surfaces. Although from the thermodynamic point of view, a F passivated Si surface is more stable, 10 research shows that kinetics plays a more important role in the surface hydrogen passivation. 11, 12 Since Ge is next to Si in the same column, and has electronegativity very close to that of Si, 13 10% HCl solutions were also used to clean the Ge(100) surfaces. is achieved. A similar conclusion has been drawn by Lu for Ge(111) surfaces. 7 However, unlike Ge(111) surfaces which only form Ge monochloride, 7 Ge(100) surfaces in our study have both monochloride and dichloride, which is not very surprising since each Ge(100) surface atom has two dangling bonds. These Ge chlorides can be completely removed by 30 min vacuum annealing at 400 o C. The surface termination difference between HF etching and HCl etching can also be explained by the etching mechanism.
The key point is that the Ge back bonds are less weakened during HCl etching than during HF etching. In both HF and HCl treatments, the initial surface upon oxide removal is similar, i.e. F termination (HF case) or Cl termination (HCl case) of Ge dangling bonds. However, the electronegativity difference between Ge and Cl (electronegativity difference is 1.15) is much smaller than that between Ge and F (electronegativity difference is 1.97). Furthermore, compared with Ge-F bonds, Ge-Cl bonds have a weaker bond strength and a longer bond length. 13 All the factors make Ge back bonds less polarized during HCl etching, and resistant to further attacking of HCl, so Cl atoms can remain on the surface and terminate the surface.
We want to point out that neither aqueous HF nor HCl etching alone can lead to an oxygen free or low carbon coverage surface; therefore, final vacuum annealing is needed.
Our results show that after 10% HCl cleaning, there is 0. The inset shows a Cl2p peak taken at a photon energy of 300eV.
